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OPERATIONAL PLANS AND PROCEDmES FOR MANNED SPACE FLiGhT 

By John D. Hodgeit 

INTRODUCTION 

The p resen t  paper i s  a d iscuss ion  of many f a c e t s  of t h e  opera t ions  
necessary t o  support  t h e  U. S. manned space f l i g h t  programs. Operations 
means many th ings  t o  many people.  I n  t h i s  paper  it i s  considered t o  be 
a two-fold func t ion .  The f i rs t  p a r t  i s  planning which e n t a i l s  t h e  t o t a l  
p repa ra t ion  f o r  t he  mission before  the f a c t .  Table I i s  a l i s t  of some 
of t h e  f a c e t s  of t h i s  planning funct ion.  It i s  i n t e r e s t i n g  t o  note  t h a t  
approximately 20,000 persons p a r t i c i p a t e  i n  a Mercury mission as d i r e c t  
o p e r a t i o n a l  support .  These people come from indus t ry ,  NASA, o the r  
c i v i l i a n  agencies ,  t h e  Department of Defense, and o t h e r  count r ies .  The 
importance of t h i s  planning func t ion  cannot be overemphasized. The 
d e t a i l  which t h i s  planning involves  ~ such a s  schediil ing,  t r a i n i n g ,  co- 
o r d i n a t i o n ,  and prepara t ion  of procedures ,  con t r ibu te s  l a r g e l y  t o  the  
si lccess of an opera t ion .  The second func t ion  i s  the  ca r ry ing  out  of 
t he  a c t u a l  opera t ion .  I n  t h i s  paper t h e  va r ious  phases of the  Mercury 
ope ra t ion  are d iscussed .  Also an ou t l ine  of t h e  proposed Gemini and 
Apollo programs and the  f u t u r e  of opera t ions  a r e  presented.  
t h e  planning phase i s  cont inuous,  and e s s e n t i a l l y  begins  a t  t he  com- 
mencement of t he  program, the  d i r e c t  opera t ion  i s  assumed t o  begin when 
the  s p a c e c r a f t  and the  launch veh ic l e  arr ive a t  t he  launch s i t e .  

Although 

Since  the  Mercury spacec ra f t  and t h e  At l a s  launch veh ic l e  a r e  w e l l  
known, they  a r e  only descr ibed  b r i e f l y .  f i g u r e  1 shows the  Mercury 
s p a c e c r a f t  and i t s  b a s i c  systems. The emergency escape tower sepa ra t e s  
t h e  s p a c e c r a f t  from t h e  launch vehic le  should a malfunction occur before  

2- minutes a f t e r  l i f t - o f f .  Af te r  t h i s  t ime,  s epa ra t ion  of t he  spacec ra f t  

from t h e  launch v e h i c l e  i s  accomplished by f i r i n g  t h e  posigrade rocke t s  
which a r e  l o c a t e d  near  the  r e t r o r o c k e t s .  

1 
2 

The c o n i c a l  s e c t i o n  (antenna housing) conta ins  t h e  drogue parachute ,  
an tennas ,  and horizon scanners .  

The c y l i n d r i c a l  s e c t i o n  (recovery compartment) conta ins  t h e  main 
and r e s e r v e  parachutes  and t h e  p i t ch  and yaw t h r u s t e r s .  

~~ 
~ 

\c 
“ A s s t .  Chief f o r  F l i g h t  Control,  F l i g h t  Operations Div is ion ,  

NASA Manned Spacecraf t  Center.  
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The af terbody conta ins  a l l  t h e  systems necessary t o  support  t h e  
a s t r o n a u t ,  t h a t  i s ,  the environmental  c o n t r o l  system, e l e c t r i c a l  system, 
communications system, automatic s t a b i l i z a t i o n  and con t ro l  system, and 
a l l  a s soc ia t ed  ins t rumenta t ion .  

The forebody conta ins  t h e  hea t  s h i e l d ,  t he  landing bag, and the  
major port ion of t he  r e a c t i o n  c o n t r o l  system. 

The retropackage a t t ached  t o  the  hea t  s h i e l d  conta ins  t h r e e  pos i -  
grade rocke ts  and th ree  re t rograde  rocke ts  and t h e i r  a s soc ia t ed  i g n i t e r s  
and wir ing .  The high-frequency antenna and a few s p e c i a l  experiments 
a r e  loca ted  i n  t h e  retropackage.  

F i g i r e  2 shows the  launch v e h i c l e s  used f o r  Mercury miss ions .  
The L i t t l e  Joe  veh ic l e s  were used f o r  r e sea rch  and development t e s t s ,  
and t h e  Redstone was used f o r  e a r l y  b a l l i s t i c  f l i g h t s .  The launch 
veh ic l e  used f o r  o r b i t a l  f l i g h t s  i s  a modified At las  D .  The Mercury 
spacec ra f t  i s  a t tached  t o  t h e  launch veh ic l e  by means of  a s p e c i a l  
adapter .  The At las  s tands  67 f e e t  4 i nches ,  b u t  wi th  t h e  spacec ra f t  
it i s  95 f e e t  I +  inches i n  he igh t .  The At las  has  two s t ages  wi th  f i v e  
engines : two boos ter  engines ,  one s i i s ta iner  engine,  and two v e r n i e r  
engines .  The two boos ter  engines a r e  j e t t i s o n e d  a t  s t ag ing ,  l eav ing  
the  sns t a ine r  and t h e  two v e r n i e r s  t o  p lace  t h e  spacec ra f t  i n t o  o r b i t .  
The t o t a l  th r i i s t  i s  360,000 pounds, which i s  obtained by burning 
kerosene and l iq i i id  oxygen. The At las  D has obtained a high degree of 
performance, and i t s  r e l i a b i l i t y  has been very  s a t i s f a c t o r y  i n  t h e  
Mercury program. 

The sequence of events  during a normal Mercury mission a r e  i l l u s -  
t r a t e d  i n  f i g u r e  3. Af t e r  l i f t - o f f ,  the  Mercury-Atlas proceeds on a 
programed t u r n  f o r  about  2 minutes 10 seconds.  A t  t h i s  t i m e ,  t he  two 
boos ter  engines a r e  shut  down and j e t t i s o n e d .  Twenty seconds l a t e r ,  
t he  escape tower i s  j e t t i s J n e d .  The Atlas cont inues  t o  a c c e l e r a t e ,  by 
using t h e  sus t a ine r  engine,  t o  an a l t i t u d e  of 87 n a u t i c a l  mi les  and a 
f l i gh t -pa th  angle  of 0". A t  t h i s  t ime ,  t h e  s u s t a i n e r  and v e r n i e r  
engines shut down. This sequence occurs  aboiit 427 n a u t i c a l  miles from 
Cape Canaveral ,  E'la. The apogee, or h ighes t  a l t i t u d e ,  ?f t h e  spacec ra f t  
i s  approximately 148 n a u t i c a l  mi les .  The o r b i t a l  i n s e r t i o n  condi t ions  

lo 
mentioned d i l l  c i e c e  t h e  spacec ra f t  i n t o  an o r b i t a l  i n c l i n a t i o n  of  32-. 2 

When SECO, or s u s t a i n e r  engine c u t o f f ,  occiirs,  the  spacec ra f t  
s epa ra t e s  from the  A t l a s  and the  a s t r o n a u t  yaws the  spacec ra f t  180",  
p l ac ing  the hea t  s h i e l d  toward t h e  d i r e c t i o n  of the  o r b i t a l  motion. 
If the  o r b i t a l  i n s e r t i o n  condi t ions  a r e  met, t h e  s p a c e c r a f t  can con- 
t i n u e  f o r  the  planned number of o r b i t s .  S o  f a r ,  t h e  United S t a t e s  has  
completed two t h w e - o r b i t  missions and one s i x - o r b i t  mission and i s  
p r e s e n t l y  planning a one-day mission i n  t he  near f u t u r e .  
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The a t t i t u d e s  of t h e  spacec ra f t  may be c o n t r o l l e d  au tomat i ca l ly  
by t h e  automatic  s t a b i l i z a t i o n  and c o n t r o l  system, o r  by t h e  astronz7Jt 
u s ing  t'ne fly-by-wire o r  manuai p ropor t iona l  systems. 

When it i s  desired t o  terminate t h e  mission, t h e  a s t r o n a u t  a l i n e s  
t h e  spacec ra f t  t o  a p i t c h  down (-34") a t t i t u d e  and normally s e l e c t s  t h e  
automatic  system f o r  r e t r o f i r e .  The r e t r o r o c k e t s  reduce t h e  o r b i t a l  
v e l o c i t y  from 25,735 f t / s e c  t o  25,300 f t / s e c ,  a reduct ion  of only 
435 f t / s e c ,  b u t  s u f f i c i e n t  t o  i n i t i a t e  t h e  proper  b a l l i s t i c  r e e n t r y  
which causes  t h e  spacec ra f t  t o  land approximately 3,000 m i l e s  beyond 
t h e  p o i n t  of r e t r o f i r e .  

A t  a n  a l t i t u d e  of 10,000 fee t  t h e  main parachute  i s  deployed, and 
12 seconds l a t e r  t h e  landing  bag, which i s  a 'pneumatic device  which 
a t t e n u a t e s  t h e  shock of impact on t h e  water,  i s  re leased .  

I n  t h i s  s ec t ion ,  t h e  va r ious  phases of t he  opera t ions  f o r  a 
Mercury-Atlas f l i g h t  a r e  descr ibed.  

P r e f l i g h t  Operations 

The p r e f l i g h t  phase begins  when t h e  spacec ra f t  i s  de l ive red  t o  t h e  
launch  s i t e  and ends a t  l i f t - o f f .  This  per iod  v a r i e s  from mission t o  
mission,  b u t  t h e  average i s  about f o u r  months. The spacec ra f t  and 
launch veh ic l e  a r e  f i rs t  checked out i n  d e t a i l ,  system by system, and 
independent of each o ther .  A t  t he  conclusion of t h e s e  detailed systems 
t e s t s ,  a combined systems t e s t  i s  conducted, wi th  t h e  spacec ra f t  using 
a launch-vehicle  s imula tor  and the launch veh ic l e  us ing  a spacec ra f t  
s imula tor .  About 2 t o  3 weeks before  launch, aga in  depending upon t h e  
mission,  t h e  veh ic l e s  are moved t o  t h e  launch pad and mated. 

Launch Pad Operations 

The many tes ts  involved i n  t h i s  phase of t h e  ope ra t ions  a r e  as 
fo l lows  : 

1. Launch complex checkout 

2. I n t e r f a c e  in spec t ion  

3. Mechanical mating 

4. Spacecraf t  systems t e s t  
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5 .  E l e c t r i c a l  i n t e r f a c e  and a b o r t s  

6. F l i g h t  acceptance composite t e s t s  

7. F l i g h t  conf igu ra t ion  sequence and a b o r t s  

8. Launch s imula t ion  

9. Simulated f l i g h t  

10. Spacecraf t  s e rv i c ing  

11. Frecount,  pyrotechnic  hookup, and count 

Af te r  t h e  f i r s t  seven t e s t s  i n  t h e  l i s t  a r e  completed, t he  simu- 
l a t e d  f l i g h t  i s  t h e  f i n a l  t e s t  which completely checks a l l  spacec ra f t  
systems dur ing  a s imulated f l i g h t  from l i f t - o f f  t o  landing .  The t e s t  
a l s o  permits a check of t he  automatic  launch-vehicle  a b o r t  system. 

Under some circumstances,  a f l i g h t - r e a d i n e s s  f i r i n g  i s  performed 
dur ing  which a l l  t h e  At l a s  engines  z r e  i g n i t e d  f o r  a per iod of 20 seconds 
t o  analyze t h e  o v e r a l l  Mercury-Atlas systems conf igu ra t ion .  

Precount,  Pyrotechnic ,  and Launch Count 

The countdown i s  performed i n  two p a r t s .  The f i r s t  p a r t ,  known a s  
the  precount,  i s  pr imar i ly  a check of  t h e  va r ious  spacec ra f t  systems. 

Following completion of  t h i s  f i r s t  p a r t  of t h e  countdown, the re  
i s  an approximate l5-hour hold f o r  pyrotechnic  check, e l e c t r i c a l  
connection, and peroxide-system s e r v i c i n g  and s u r v e i l l a n c e .  
launch count a l l  systems a r e  energized and f i n a l  o v e r a l l  checks a r e  
made. 
connecting t h e  escape-rocket  i g n i t e r .  All systems are checked and the 
a s t r o n a u t  i s  i n s e r t e d  i n t o  t h e  spacec ra f t  a t  T-135 minutes.  
minutes the ha tch  i s  b o l t e d ,  and a t  T-35 minutes t h e  launch veh ic l e  i s  
f i l l e d  with l i q u i d  oxygen. A t  T-IO minutes the s p a c e c r a f t  changes from 
e x t e r n a l  t o  i n t e r n a l  power and a t  T-3 minutes the  launch v e h i c l e  a l s o  
switches t o  i n t e r n a l  power. A t  T-35 seconds t h e  spacec ra f t  iunbi l ical  
i s  e j e c t e d ,  and a t  T-0 t he  Mercury-Atlas combination l i f t s  o f f .  

During t h e  

The countdown begins  again a t  T-330 minutes by i n s t z l l i n g  and 

A t  T-90 

F l i g h t  Operat ions 

The fol lowing paragraphs a r e  a d e s c r i p t i o n  of t h e  opera t ions  which 
occiir immediately p r i o r  t o  and diiring t h e  actual.  f l i g h t .  
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About 2 weeks be fo re  the  launch, t h e  f l i g h t  c o n t r o l  teams a r e  
deployed t o  t h e  many t r a c k i n g  s t a t i o n s  around t h e  world. 
p a r t i c i p a t i n g  i n  network checkouts and s imula t ions  which a s su re  equip-  
ment mc? p e r c c x e l  yeadinesc.. The s i m i i 1 a t . i  ons a r e  of many types : 
those  which check out  t he  Mercury Control Center  and a s t ronau t  f o r  a b o r t  
procedures;  those  which check out  the  r e e n t r y  s i t e s  f o r  r e t r o f i r e  
dec i s ions  and procedures;  and those which check out  t h e  e n t i r e  World- 
wide Mercury Network f o r  equipment, communications, and f l i g h t - c o n t r o l  
opera t ing  procedures.  

They begin 

The Mercury Network, shown i n  f i g u r e  4 ,  c o n s i s t s  of t he  Mercury 
Control  Center a t  Cape Canaveral ,  F l a . ,  t he  Communication and 
Computing Center a t  Goddard Space F l i g h t  Center ,  Greenbel t ,  M d . ,  and 
o the r  t r a c k i n g  s t a t i o n s  around t h e  world which a r e  loca t ed  along t h e  
s p a c e c r a f t ' s  o r b i t a l  ground t r a c k .  The Mercury Control  Center i s  t h e  
command and c o n t r o l  s t a t i o n  which makes most of  t h e  dec i s ions  which 
a f f e c t  t h e  f l i g h t .  The Communication and Computing Center i s  t h e  
c e n t r a l  agency f o r  r e l ay ing  a l l  t e l e t y p e  and voice  communications from 
a l l  t h e  t r a c k i n g  s t a t i o n s  and f o r  doing most of t h e  computing f o r  
s p a c e c r a f t - t r a j e c t o r y  purposes dusing a l l  phases of f l i g h t .  

The remaining t r ack ing  s t a t i o n s  around t h e  world a r e  r e f e r r e d  t o  
as t h e  "remote s i t e s "  and they  provide monitor ing c a p a b i l i t y  needed for 
r e l a y i n g  te lemet ry ,  r a d a r ,  and voice d a t a  back t o  t h e  Mercury Control  
Center .  

The recovery forces  a r e  a l s o  deployed a t  about  t he  same t i m e ,  and 
they  p a r t i c i p a t e  i n  t h e i r  i nd iv idua l  and combined recovery exe rc i se s  i n  
a manner s i m i l a r  t o  t h a t  of t h e  Mercury Network. 

On t h e  f i n a l  day, a l l  ope ra t iona l  f o r c e s  p a r t i c i p a t e  i n  the  
a c t u a l  launch countdown which i s  f u l l y  coordinated and synchronized. 

The i n - f l i g h t  phase begins  a t  l i f t - o f f  and cont inues through 
landing .  The Operations Di rec to r ,  s i t u a t e d  i n  t h e  Mercury Control  
Center ,  i s  r e spons ib l e  f o r  t he  o v e r a l l  opera t ion .  He i s  supported by 
a s t a f f  and organiza t ion  a s  shown i n  f i g u r e  5 .  The mission i s  super- 
v i s e d ,  using a c e n t r a l i z e d  con t ro l  technique where a l l  major dec i s ions  
a r e  made a t  t h e  Mercury Control Center.  This  i dea l i zed  s i t u a t i o n ,  o f  
course ,  i s  no t  always f e a s i b l e  and procedures a r e  e s t a b l i s h e d  t o  i n s u r e  
t imely  a c t i o n  i n  the  event  of cont ingencies  i f  communications with t h e  
Mercury Control  Center a r e  broken. For t h e  Mercury mission,  by f a r  t h e  
most c r i t i c a l  time per iod  i s  t h e  powered-flight phase. During t h i s  per iod  
t h e  dynamic condi t ions  a r e  changing cont inuously,  and a t  a l l  times a c t i o n s  
i n  t h e  event  of malfunctions must be lmiiediatcly a v a i l a b l e  t o  a s s i s t  the  
f l i g h t  c o n t r o l l e r s  and t h e  a s t ronau t  i n  t ak ing  the  proper c o r r e c t i v e  
s t e p s .  A s e t  of  mission r u l e s  i s  prepared p r i o r  t o  the  mission t o  cover 
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a l l  recognizable  s i t u a t i o n s .  O f  course ,  o the r  s i t u a t i o n s  which have not  
been recognized w i l l  occur from time t o  t ime,  and the  main purpose of 
t he  ex tens ive  s imula t ion  and t r a i n i n g  program i s  al low the  f l i g h t  con- 
t r o l l e r s  t o  make the c o r r e c t  dec i s ions  under these  circumstances.  
Probably the s i n g l e  most c r i t i c a l  func t ion  which i s  performed i s  t h e  
determinat ion of t h e  o r b i t a l  parameters immediately a f t e r  t he  c u t o f f .  
It i s  e s s e n t i a l  t h a t  t h e  o r b i t  c a p a b i l i t y  of t he  veh ic l e  be r ap id ly  
determined s o  t h a t  the dec i s ion  t o  c0ntinu.e or t o  r e e n t e r  immediately 
i n  an abor t  o r  contingency landing  a rea  can be made. Figure 6 i s  the  
p l o t  which i s  used t o  a s s i s t  i n  making t h i s  dec i s ion .  
a computer and may use a number of t r a c k i n g  sources .  A s u i t a b l e  o r b i t  
i s  obtained i f  the v e l o c i t y  r a t i o  and t h e  f l i g h t - p a t h  angle  a r e  wi th in  
the  lens-shaped a r e a  on t h e  r ight-hand s i d e .  

It i s  der ived  by 

During t h e  o r b i t a l  phase,  t h e r e  a r e  s e v e r a l  func t ions  t o  be per- 
formed, although i n  genera l ,  dec i s ion  making i s  not always as c r i t i ca .1  
as it is  during the  powered-flight phase. Both t h e  a s t ronau t  and t h e  
ground system cont inuously monitor t h e  v e h i c l e ,  i t s  s t a t u s ,  and the 
f l i g h t  plan.  Trends a r e  e s t a b l i s h e d  which determine whether o r  not a 
p o t e n t i a l  contingency e x i s t s .  A t  a l l  t imes t h e  a s t r o n a u t  i s  informed 
of t he  c o r r e c t  r e t r o f i r e  time t o  achieve a landing  i n  a contingency 
landing  area .  (The manner i n  which t h e  va r ious  landing  a reas  a r e  
e s t ab l i shed  i s  d iscussed  i n  a subsequent s e c t i o n  of t h i s  pape r . )  
i s  important t o  remember the  s i g n i f i c a n t  p a r t  t h a t  the  a s t r o n a u t  p lays  
i n  t h e  successfu l  completion of a mission.  The spacec ra f t  has many 
modes o f  operat ion and t h e  a s t r o n a u t  i s  a systems manager. A s  t h e  
s i t u a t i o n  o r  f l i g h t  plan d i c t a t e s ,  he i s  ab le  t o  s e l e c t  t h e  b e s t  mode 
of  operat ion and t o  c o n t r o l  h i s  consumables i n  the  d e s i r e d  manner. 
Under many abnormal cond i t ions ,  h i s  presence enhances t h e  p o s s i b i l i t y  
t h a t  t h e  mission w i l l  cont inue t o  t h e  success fu l  accomplishment of a l l  
planned objec t ives .  During t h i s  o r b i t a l  per iod ,  t he  f l i g h t  c o n t r o l l e r s  
a t  t he  remote s i t e s  a c t  a s  t he  eyes and t h e  e a r s  of t he  Mercury Control  
Center ,  and a f t e r  t h e  spacec ra f t  has passed over t h e  s t a t i o n ,  they  
t r ansmi t  summary r e p o r t s  t o  t h e  Mercury Control  Center .  A t  t h e  r equ i r ed  
t ime,  prepara t ions  a r e  made f o r  t he  r e t r o f i r e  maneuver which may be 
con t ro l l ed  e i t h e r  manually o r  au tomat i ca l ly .  F i r i n g  of t h e  r e t r o r o c k e t s  
can be accomplished by t h e  onboard c lock ,  by t h e  a s t r o n a u t  h imsel f ,  o r  
by ground command. The es t imated  landing  p o s i t i o n  i s  determined e i t h e r  
by r ada r  t r ack ing  o r  by u t i l i z i n g  t e l eme t ry  information obta ined  dur ing  
the  per iod of  r e t r o f i r e .  
es t imated  landing pos i t i on .  
t he  spacecraf t  and a s t r o n a u t  a f t e r  landing .  

It 

The recovery f o r c e s  a r e  then a l e r t e d  a s  t o  the  
They a r e  prepared t o  l o c a t e  and r e t r i e v e  

Recovery Operat ions 

A 

The recovery opera t ion  i s  planned around the  concept t h a t  t h e r e  a r e  
severa l  discreLc a reas  a long  the ground t r a c k  which a r e  p re fe r r ed  landing  
a r e a s .  These a reas  a r e  d iv ided  i n t o  s e v e r a l  ca t egor i e s .  F i r s t ,  t h e  
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launch s i t e  recovery a rea  i s  se l ec t ed  t o  r e t r i e v e  t h e  a s t ronau t  i f  an 
a b o r t  were t o  occur e i t h e r  before  l i f t - o f f  o r  dur ing  t h e  f i r s t  few 
seconds of powered f l i g h t .  During t h i s  p e r i o d ,  most of the  landings  

a r e  dep ic t ed  i n  f i g u r e  7. Along the launch t r a c k ,  s e v e r a l  a r e a s  a r e  
s e l e c t e d  t o  cover a b o r t s  dur ing  the ?-minute per iod of powered f l i g h t .  
During t h i s  t i m e ,  t h e  landing  area t r a v e r s e s  t h e  A t l a n t i c  Ocean t o  t h e  
Afr ican c o a s t .  
rocke t s ,  it i s  poss ib l e  t o  reduce t h e  t o t a l  number of landing a r e a s  a s  
shown i n  f i g u r e  7. Next, planned landing  a r e a s  a r e  s i t u a t e d  a t  t he  end 
of  t h e  mission,  and t h e r e  i s  a t  l e a s t  one planned landing  a rea  along the  
ground t r a c k  of each o r b i t a l  pass .  
deployed i n  these  a r e a s  t o  a l low l o c a t i o n  and r e t r i e v a l  wi th in  3 t o  5 
hours a f t e r  landing .  
a r eas  which a r e  loca t ed  t o  g ive  a landing  c a p a b i l i t y  i n  case of emergency 
a s  shown i n  f i g u r e  8 .  
these  a r e a s ,  recovery f o r c e s  a r e  not u sua l ly  predeployed b u t  a r e  on a 
standby b a s i s .  Location and pararescue a s s i s t a n c e  i s  a v a i l a b l e  wi th in  
18 hours .  The a c t u a l  r e t r i e v a l  t i m e  w i l l  depend on t h e  s i t u a t i o n .  The 
two func t ions  of recovery a r e  l o c a t i o n  and r e t r i e v a l .  
accomplished by a i r c r a f t  equipped wi th  d i r e c t i o n - f i n d i n g  equipment. I n  
a d d i t i o n ,  ground based high-frequency d i r e c t i o n - f i n d i n g  f a c i l i t i e s  a r e  
used a s  we l l  a s  a MILS network depending on sound waves i n i t i a t e d  by a 
SOFAR bomb which i s  r e l e a s e d  from t h e  spacec ra f t  a t  l anding .  R e t r i e v a l  
i s  accomplished i n  t h e  planned landing a r e a s  by t h e  h e l i c o p t e r s ,  de-  
s t r o y e r s ,  or c a r r i e r s .  In  t h e  contingency landing  a r e a s ,  l o c a t i o n  w i l l  
be followed by a pararescue team dropping i n t o  the  a rea  of the  spacec ra f t  
t o  render  a s s i s t a n c e  t o  the  a s t ronau t  a s  r equ i r ed  and t o  insure  t h a t  t h e  
s p a c e c r a f t  remains a f l o a t .  

- 7 ; l l  n-n.1- nn +Ln 1 ~ n A  -van n v n ~ ~ n A  tho l n 3 1 n n h  c i + n  %a r r fhnr  s r o s c  
W l l l  "LLUI "*I U L L L  I U l i U  U l C U  U I V U I I U  "I1L L U W l L l .  U L " L .  _ I L L  V Y l L L A  U L L U Y  

By s u i t a b l e  s e l e c t i o n  of  t h e  t i m e  t o  f i r e  t he  r e t r o -  

(See f i g .  8 . )  Recovery f o r c e s  a r e  

The remaining recovery a r e a s  a r e  contingency landing  

Because of t h e  very  low p r o b a b i l i t y  of landing  i n  

Location i s  usua l ly  

GEMIN I 

A s  an in te rmedia te  s t e p  between P r o j e c t s  Mercury and Apollo,  t he  
o b j e c t i v e s  of P r o j e c t  Gemini a r e :  

1. To provide long-durat ion manned f l i g h t  experience (up t o  
14 days)  by s tudying  e f f e c t s  of weight lessness ,  determining 
phys io log ica l  and psychological r e a c t i o n s  t o  long-durat ion 
miss ions ,  and developing performance c a p a b i l i t i e s  of t he  crew. 

2. To provide e a r l y  manned rendezvous c a p a b i l i t y  by developing 
techniques ,  a s s e s s i n g  p i l o t  func t ions ,  developing propuls ion 
guidance and c o n t r o l ,  developing p i l o t  d i s p l a y s ,  and t r a i n i n g  
p i l o t s  afid providing them with  rendezvocs experience.  



The Gemini spacec ra f t  shown i n  f i g u r e  9 i s  a con ica l  s t r u c t u r e  
bear ing  a marked resemblance t o  i t s  predecessor ,  Mercury. 
b a s i c a l l y  of a r e e n t r y  module and an  adap te r .  
of a h e a t  s h i e l d ,  crew and equipment s e c t i o n ,  r e a c t i o n  c o n t r o l  system 
s e c t i o n ,  and t h e  rendezvous and recovery s e c t i o n .  The f irst  s e c t i o n  i s  
pressur ized  t o  house the  two a s t r o n a u t s  s ea t ed  i n  rocke t  c a t a p u l t  e j e c t i o n  
s e a t s  i n  a side-by-side conf igura t ion  wi th  the  command a s t r o n a u t  on t h e  
l e f t  and the second a s t ronau t  on the  r i g h t .  The a s t ronau t s  f ace  r e a r -  
ward and can v i s u a l l y  observe t h e  space environment through the  obser-  
v a t i o n  windows provided i n  t h e  ingress -egress  ha tches .  The l a s t  two 
s e c t i o n s  a re  unpressurized compartments. They con ta in  t r i c y c l e ,  
sk i - type  landing gea r ,  t h e  pa rag l ide r  wing, and systems necessary t o  
c o n t r o l  the  spacec ra f t  a t t i t u d e  during o r b i t a l  and r e e n t r y  f l i g h t .  
Externa l  access doors a r e  provided f o r  equipment compartments which 
g r e a t l y  reduce checkout t i m e  and component replacement.  

It c o n s i s t s  
The r e e n t r y  module c o n s i s t s  

The adapter  c o n s i s t s  of t he  launch-vehicle  mating s e c t i o n ,  the  
equipment s e c t i o n ,  and t h e  re t rograde  s e c t i o n .  The launch-vehicle  
mating sec t ion  i s  b o l t e d  t o  the  launch v e h i c l e ,  and a po r t ion  of t h i s  
s e c t i o n  remains wi th  the  launch v e h i c l e  when it sepa ra t e s  from the  
spacec ra f t .  The equipment s ec t ion  conta ins  major components o f  t he  f u e l  
c e l l s  and t h e i r  r e a c t a n t  supply,  the  maneuvering propuls ion system, t h e  
equipment cool ing system, and the  primary oxygen supply f o r  the  environ-  
mental  con t ro l  system. The r e t rog rade  s e c t i o n  conta ins  t h e  r e t rog rade  
rocke ts  and some components of t he  equipment cool ing  system. 

The vehic le  used t o  launch t h e  Gemini spacec ra f t  i s  a modified 
T i t a n  11, which used n i t rogen  t e t r o x i d e  a s  an ox id ize r  and UDMH (un- 
symmetrical dimethyl hydrazine)  a s  t he  hypergol ic  f u e l .  The Agena D 
v e h i c l e ,  which w i l l  be launched by an Atlas launch v e h i c l e ,  w i l l  be 
used a s  the t a r g e t  v e h i c l e  f o r  Gemini rendezvous and docking. Both 
t h e  Gemini-Titan and t h e  Atlas-Agena conf igu ra t ions  a r e  shown i n  
f i g u r e  10. 

The O r b i t a l  Mission 

The normal mission can be l o g i c a l l y  d iv ided  i n t o  s i x  b a s i c  phases .  
They a r e  prelaunch, launch,  o r b i t ,  r e t rog rade ,  r e e n t r y ,  and landing.  

The prelaunch phase i s  e s s e n t i a l l y  t h e  same a s  t h a t  p rev ious ly  
descr ibed  f o r  Mercury, wi th  the  except ion t h a t  much of the  Gemini 
checkout w i l l  be automatic .  These automatic  checkout procedures w i l l  
reduce the  time necessary f o r  checkout a t  Cape Canaveral  from the  

1 
2 

14 mor!t,hs f o r  t he  Mercu-ry t o  2- t o  3 months for Gemini. 
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The l a m c l i  phase covers t he  countdown, t h e  a s t r o n a u t s '  e n t r y  i n t o  
the  s p a c e c r a f t ,  changeover from ex te rna l  t o  i n t e r n a l  e l e c t r i c a l  power 
systems,  l i f t - o f f ,  end the  f i rs t  and second s t a g e s  of powered f l i g h t .  

I n  t h e  o r b i t a l  phase, a s  i n  Mercury, t h e  spacec ra f t  t u r n s  180" i n  
yaw so t h a t  t h e  a s t r o n a u t s  f a c e  away from the  d i r e c t i o n  of mDtion. 
from any p a r t i c u l a r  mission maneuvers, f o r  t h e  long-durat ion f l i g h t s  
the  spacec ra f t  w i l l  s t a y  i n  t h i s  o r i e n t a t i o n  f o r  the  complete o r b i t a l  
du ra t ion .  T h i r t y  seconds before  re t rograde  i s  pl-anned, t he  equipment 
s ec t ion  of t he  adap te r  i s  j e t t i soned .  The r e t rog rade  rocke ts  a r e  f i r e d  
s e q u e n t i a l l y  and the  r e t rog rade  sec t ion  of t he  adap te r  i s  j e t t i s o n e d .  
The r e e n t r y  phase of t h e  mission inc ludes  t h e  accu ra t e  pos i t i on ing  of 
the  spacec ra f t  t o  minimize hea t ing ,  and by use of angle  of  a t t a c k  and 
hence a moderate l i f t - t o - d r a g  r a t i o  and t h e  onboard computer, the  a s t r o -  
nauts  may make f l i g h t - p a t h  co r rec t ions  t o  a s su re  touchdown wi th in  t h e  
d e s i r e d  a r e a .  When a l l  guidance e r r o r s  a r e  co r rec t ed ,  t he  l i f t  v e c t o r  
i s  canceled by p u t t i n g  the  spacec ra f t  i n t o  a slow 20"/sec r o l l .  
l anding  phase begins  when the  a s t ronau t  i n i t i a t e s  deployment of t h e  
drogue parachute .  Subsequently,  the  drogue parachute  is used t o  e x t r a c t  
t he  p a r a g l i d e r .  By c o n t r o l l i n g  the pa rag l ide r  i n  p i t c h  and r o l l  v i a  t he  
c e n t r a l  hand c o n t r o l l e r ,  e i t h e r  a s t ronau t  can f l y  t h e  spacec ra f t  t o  a 
convent ional  landing  s i t e .  The pa rag l ide r  i s  j e t t i s o n e d  a f t e r  touchdown. 

Apart 

The 

Rendezvous 

The rendezvous mission a s  shown i n  f i g u r e  11 is  accomplished by 
p l ac ing  t h e  Agena t a r g e t  veh ic l e  i n  o r b i t  and then  sometime l a t e r ,  
p lac ing  the  Gemini spacecraf t  i n  a s i m i l a r  o r b i t .  Vehicle propuls ion 
c a p a b i l i t y  i s  used t o  b r i n g  the  Gemini i n t o  a docked p o s i t i o n  wi th  t h e  
Agena. 
i n t o  o r b i t .  F i n a l  i n s e r t i o n  w i l l  be  accomplished by the  Agena i t s e l f ;  
and when t h e  d e s i r e d  o r b i t a l  condi t ions  a r e  obta ined ,  t he  Agena engine 
w i l l  be  shut  down, b u t  ready f o r  r e l i g h t i n g  a t  a l a t e r  t i m e .  

The At l a s  does not  provide s u f f i c i e n t  power t o  i n s e r t  t h e  Agena 

After t h e  Agena t a r g e t  i s  i n  o r b i t ,  t h e  modified Mercury ground 
t r a c k i n g  s t a t i o n s  w i l l  determine whether o r  n o t  t he  Agena i s  ope ra t iona l  
and i s  i n  t h e  proper o r b i t  f o r  rendezvous. There w i l l  be a per iod  of 
t i m e  dur ing  which t h e  Gemini might be launched and be i n  c lose  proximity 
t o  t h e  Agena. By r e l i g h t i n g  t h e  Agena propuls ive  system and changing 
i t s  o r b i t  t o  conform more c lose ly  t o  t h e  Gemini o r b i t ,  t he  window can 
be extended i n  excess  of 4 hours.  The Gemini w i l l  e i t h e r  be launched 
du r ing  t h i s  window or dur ing  a corresponding window a t  time i n t e r v a l s  
of  about  24 hours .  

The mission ob jec t ive  i s  t o  complete t h e  rendezvous by using 
s p a c e c r a f t  propuls ion only.  However, t h e  Agena propuls ion i s  a v a i l a b l e  
i f  i t  i s  r equ i r ed .  The Agena has an opera t ion  l i fe t ime i n  o r b i t  of 
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a t  l e a s t  5 days.  However, p re sen t  p lans  a r e  t o  complete t h e  rendezvous 
wi th in  24 hours. Launch t iming  and midcourse co r rec t ions  of the  T i t a n  I1 
w i l l  be  such t h a t  t h e  Gemini spacec ra f t  w i l l  be placed i n  c l o s e  proximity 
t o  the  Agena. The Gemini veh ic l e  w i l l  be  i n  an  o r b i t  w i th  an a l t i t u d e  of 
87 t o  161 n a u t i c a l  m i l e s .  The a s t r o n a u t s  w i l l  c o n t r o l  t h e  Gemini veh ic l e  
t o  approach t h e  Agena i n  accordance wi th  i n s t r u c t i o n s  from ground t r ack ing  
s t a t i o n s .  

A s  the Gemini approaches wi th in  250 n a u t i c a l  miles of t he  Agena i n  
o r b i t ,  the  Gemini can be guided toward i t s  t a r g e t  au tomat i ca l ly  by a i d  
of an  onboard r ada r  and computer, or t h e  a s t r o n a u t  may c o n t r o l  t h e  space- 
c r a f t  manually. A f t e r  us ing  t h e  r a d a r  system aboard t h e  Gemini t o  c lose  
wi th in  about 20 m i l e s  of t h e  Agena, t he  a s t r o n a u t s  w i l l  be a b l e  t o  use 
t h e  high i n t e n s i t y ,  f l a s i n g  l i g h t  aboard t h e  Agena for o p t i c a l  t r a c k i n g .  
A t  t h i s  t i m e  t h e  two v e h i c l e s ,  a l though t r a v e l i n g  a t  some 18,000 mph, 
w i l l  have a speed d i f f e r e n t i a l  o f  only 1 t o  2 mph. F i n a l  docking w i l l  
be  achieved by manual c o n t r o l  of t h e  Gemini by p l ac ing  the  nose of t h e  
Gemini i n t o  the  docking c o l l a r  of  t h e  Agena. There i s  a p o s s i b i l i t y  
t h a t  a t e l e v i s i o n  camera w i l l  be  mounted on t h e  Agena or i n  t h e  Gemini 
s o  t h a t  the  f l i g h t  c o n t r o l l e r s  can monitor t h e  docking procedures .  

During t h e  l a t c h i n g  part of t h e  docking phase,  when clamps i n s i d e  
t h e  Agena c o l l a r  g ra sp  the  Gemini nose cone and p u l l  it i n t o  a l a t ched  
p o s i t i o n ,  t h e  ins t rumenta t ion  wires w i l l  a l s o  be connected. The 
a s t r o n a u t  w i l l  t hen  be a b l e  t o  observe t h e  s t a t u s  of t he  Agena systems. 
F a c i l i t i e s  aboard the  Gemini s p a c e c r a f t  w i l l  enable  t h e  p i l o t  t o  s t a r t  
t h e  Agena propuls ion system. 

The Agena engine w i l l  have m u l t i r e s t a r t  c a p a b i l i t y ;  t h u s ,  when t h e  
Gemini arrives i n  o r b i t ,  it w i l l  have ano the r  engine wa i t ing  t h e r e  t o  
supply power f o r  o r b i t a l  maneuvering. Here the  engine can be used 
for a d j u s t i n g  the  o r b i t ,  extending t h e  apogee of t he  o r b i t ,  or f o r  
changing t o  another  o r b i t .  

With t h e  a b i l i t y  t o  maneuver i n  space,  t he  Gemini p i l o t s  might use 
t h e  Agena t o  t h r u s t  t h e  Gemini s p a c e c r a f t  i n t o  a d i f f e r e n t  o r b i t  for 
b e t t e r  choice o f  a landing  s i t e ;  they  might c o n t r o l  t h e i r  d i r e c t i o n  f o r  
a s p e c i f i c  landing  l o c a t i o n  even though t h e i r  c r a f t  were n o t  going t o  
pass  over t h a t  reg ion  dur ing  t h a t  o r b i t .  

There i s  thus  a v a i l a b l e  a f l e x i b l e  system wi th  which t o  perform a 
v a r i e t y  of missions i n  achiev ing  t h e  d e s i r e d  o b j e c t i v e s .  

Because of t he  experience gained i n  P r o j e c t  Mercury, i t  i s  poss ib l e  
t o  reduce the  number of network s t a t i o n s  r equ i r ed  t o  monitor t h e  mission.  
The o r b i t a l  missions w i l l  be d i r e c t e d  from t h e  Mercury Control  Center wi th  
some s l i g h t  modi f ica t ions .  For t h e  rendezvous mis s ions ,  a new I n t e g r a t e d  
Mission Control Center i s  under cons t ruc t ion  near  Houston, Tex. 
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Recovery opera t ions  w i l l  remain e s s e n t i a l l y  s i m i l a r  t o  those of  
Mercury. 
a r e a s ,  y a r t . i c u l a r l y  alone +.he 1 aiinch t , r a j ec t , n ry i  w i l l  be en larged ,  be- 
cause o f  t h e  v a r i a b l e  ia UKlCh aziirriuih ol" iiie Ger r i i r i i  iauiicil vt.iilcie. Iii 
a d d i t i o n ,  t h e  Gemini spacec ra f t  has a l and  landing  c a p a b i l i t y  u t i l i z i n g  
t h e  p a r a g l i d e r .  

One v a r i a t i o n  which should be mentioned i s  t h a t  some recovery 

PROJECT APOLLC 

The Apollo opera t ions  p l an  as  shown i n  f i g u r e  12,  i s ,  l i k e  those  
of Mercury and Gemini, t o  be a step-by-step program of inc reas ing  com- 
p l e x i t y .  The program w i l l  c o n s i s t  of t h r e e  phases:  f i rs t ,  long du ra t ion  
o r b i t a l  f l i g h t s ;  second, f l i g h t s  which approach t h e  moon and poss ib ly  
o r b i t  t h e  moon; and t h i r d ,  the  lunar  landing  mission.  

Figure 1-3 i s  a diagram of the Apollo s p a c e c r a f t .  It i s  composed 
of t h r e e  b a s i c  sec t . ions :  t,he comma.nd. morji i le~ t.he s e r v i c e  module, and 
t h e  luna r  excursion module. The command module houses t h e  a s t ronau t s  
and conta ins  a l l  systems necessary f o r  t h e  a s t r o n a u t s  t o  c a r r y  out 
t h e i r  c o n t r o l  func t ions  dur ing  the mission.  I n  a d d i t i o n ,  it conta ins  
consumables of s u f f i c i e n t  quant i ty  f o r  a r e e n t r y  maneuver, a sus t a ined  
per iod  p r i o r  t o  recovery,  and an  adequate r e se rve  supply.  The s e r v i c e  
module conta ins  t h e  major propulsion system, t h e  ma jo r i ty  of t h e  power 
system, and a l l  those a d d i t i o n a l  systems necessary  t o  complete t h e  
normal l u n a r  mission.  
se l f -conta ined  u n i t  which i s  capable of s epa ra t ing  from t h e  command 
and se rv ice  module, performing a maneuver t o  land  on t h e  moon, re- 
maining on t h e  moon f o r  a s  much as a day, and performing a rendezvous 
maneuver wi th  t h e  command and se rv ice  module a t  t he  completion of the  
l u n a r  mission. The command module has a normal crew of t h r e e ,  two o f  
which form t h e  crew of t he  l u n a r  excursion module f o r  t he  luna r  landing  
mission.  The l u n a r  excursion module has a c a p a b i l i t y  of r e tu rn ing  t o  
the  command and s e r v i c e  modu-le a t  any t ime dur ing  t h e  luna r  landing  
maneuver. From an ope ra t iona l  point  of view, t h e r e  a r e  s e v e r a l  
d i f f e r e n c e s  between t h e  Apollo mission and the  previous missions.  
F i r s t ,  t h e r e  i s  a crew of t h r e e  a s  compared wi th  two f o r  Gemini and 
one f o r  Mercury. Second, t he  crew has a l a r g e r  c a p a b i l i t y  f o r  on- 
board c o n t r o l  than  i n  previous missions.  E s s e n t i a l l y ,  t h e  crew has 
t h e  c a p a b i l i t y  t o  complete a normal mission from l i f t - o f f  t o  landing  
without  t h e  a s s i s t a n c e  of t he  ground systems. O f  course ,  t he  major 
purpose of t h e  gro-nd syster?, i s  t o  a s s i s t  i n  t h e  case of a normal 
mission and t o  provide the  requi red  emergency a c t i o n  i n  t h e  event  of 
malfunct ions of e i t h e r  the  spacecraf t  o r  the  launch veh ic l e .  Thi rd ,  
t h e  Apollo v e h i c l e  has  the  c a p a b i l i t y  f o r  a r e l a t i v e l y  l a r g e  v e l o c i t y  
v a r i a t i o n ,  and a s  a r e s u l t  the number o f  a l t e r n a t e  missions and mission 
a b o r t s  t h a t  can be performed i n  the event  of system malfunctions i s  
extremely l a r g e .  

The l u n a r  excursion module i s  a completely 
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me launch v e h i c l e s  which a r e  t o  be used f o r  t he  Apollo manned 

The C - 1  i s  a 

The second s t age  i s  t h e  S-IV 

space f l i g h t s  a r e  t h e  Sa turn  C - 1 ,  Saturn C-lB,  and t h e  Saturn C - 5 .  
The Saturn C - 1  and Sa turn  C - 5  a r e  shown i n  f i g u r e  14. 
two-stage veh ic l e .  The f i r s t  s t age  has e i g h t  engines  which use  l i q u i d  
oxygen and RP-1 (a  form of kerosene) .  
which i s  a propel led  by l i q u i d  hydrogen and oxygen. 
t o  t h e  C-1 except  t h a t  t h e  second s t age  i s  r e s t a r t a b l e .  The C-5 i s  a 
three-s tage  v e h i c l e .  The lower s t age  c o n s i s t s  of  f ive  F-1 engines  
which use a combination of RP-1 and l i q u i d  oxygen. The second s t age  
i s  t h e  S-11 which i s  a l i q u i d  hydrogen and oxygen s t a g e ,  and t h e  t h i r d  
s t a g e  i s  the S-IVB s i m i l a r  t o  t h a t  used a s  t h e  second s t a g e  of the  
C-1B veh ic l e .  A l l  v e h i c l e s  a r e  i n e r t i a l l y  guided. The ob jec t ive  of 
t h e  e a r l y  o r b i t a l  manned f l i g h t s  of t he  kpo l lo  v e h i c l e  i s  p r imar i ly  t o  
prove t h e  t o t a l  system i n  t h e  space environment f o r  long du ra t ions  com- 
parable  t o  those requi red  f o r  t h e  luna r  mission. Severa l  missions a r e  
involved which w i l l  g radual ly  b u i l d  up t h e  c a p a b i l i t y  of t h e  veh ic l e  
and progress ive ly  use a l l  t h e  requi red  systems. 
w i l l  u t i l i z e  a communications system having a range which i s  compatible 
wi th  those of the  p re sen t  Mercury and proposed Gemini systems. 
example, it w i l l  have a C-band t r ack ing  beacon, UHF te lemet ry  system, 
UHF voice  systems, and a UHF command system, a l l  of which w i l l  opera te  
a t  d i f f e r e n t  f requencies .  Eventual ly ,  t h e  ground network w i l l  be 
modified t o  operate  wi th  t h e  spacec ra f t  a t  a s i n g l e  frequency i n  t h e  
S-band range. A l l  information flowing between t h e  s p a c e c r a f t  and t h e  
ground w i l l  be  obtained by modulation of t h i s  s i n g l e  frequency. The 
opera t ions  p lans  f o r  t hese  o r b i t a l  f l i g h t s  w i l l  be  very  s i m i l a r  i n  
na tu re  t o  those used f o r  t he  Mercury and Gemini o r b i t a l  f l i g h t s .  The 
p r e f l i g h t  checkout w i l l  cont inue t o  become more automated, us ing  es- 
s e n t i a l l y  a computer c o n t r o l l e d  checkout system. Mission c o n t r o l  w i l l  
be exerc ised  f r s n  t he  I n t e g r a t e r  Mission Control  Center .  The Apollo 
program w i l l  then cont inue on t o  t h e  l u n a r  phase.  This  phase w i l l  
c o n s i s t  of a s e r i e s  of circumlunar f l i g h t s  l ead ing  even tua l ly  t o  t h e  
luna r  landing mission.  

The C-1B i s  s i m i l a r  

The e a r l y  v e h i c l e s  

For 

Figure 15 shows t h e  b a s i c  sequence of events  f o r  t h e  l u n a r  landing  
mission.  The launch w i l l  be  conducted from Cape Canaveral ,  F l a .  The 
v a r i a b l e  launch technique w i l l  be used t o  provide ,  approximately,  a 
4-hour window dur ing  each day. I n  a d d i t i o n ,  t h e  v e h i c l e  w i l l  f i rst  be 
put i n t o  e a r t h  o r b i t  and w i l l  remain i n  o r b i t  f o r  a per iod  of from one 
t o  f o u r  revolu t ions .  This o r b i t a l  per iod  w i l l  be used t o  check out  t he  
t o t a l  vehic le  and t o  provide f u r t h e r  f l e x i b i l i t y  i n  s e l e c t i n g  t h e  i n -  
j e c t i o n  point  f o r  t he  t r a n s l u n a r  po r t ion  of t he  t r a j e c t o r y .  
r equ i r ed  time, t h e  S-IVB w i l l  be  r e s t a r t e d  and t h e  v e h i c l e  w i l l  be  
acce le ra t ed  t o  approximately 36,000 f e e t  per  second. 
j e c t i o n ,  the S-IVB s t a g e  w i l l  be  separa ted  from the  s p a c e c r a f t  and t h e  
luna r  excursion modiile w i l l  be r o t a t e d  t o  t h e  forward end of t h e  space- 
c r a f t .  I n  t h i s  conf igu ra t ion  such modi f ica t ions  t o  t h e  t r a j e c t o r y  a s  
a r e  required w i l l  be made dur ing  t h e  t r a n s l u n a r  phase.  

A t  t h e  

Following i n -  

When t h e  v e h i c l e  



reaches t h e  v i c i n i t y  of t h e  moon, a brak ing  maneuver which p laces  t h e  
spacec ra f t  i n  o r b i t  around the  moon w i l l  be performed. 
t he  crew w i l l  t r a n s f e r  t o  t h e  lunar  excursion module which w i l l  then  be 

w i l l  then be placed i n  d i f f e r e n t ,  bu t  equal  per iod  o r b i t s .  The o r b i t  
of t h e  l u n a r  landing  module w i l l  r e s u l t  i n  a l u n a r  landing ,  and t h e  
o r b i t  of t h e  command and se rv ice  module w i l l  a l low cons tan t  observat ion 
of t h e  l u n a r  excurs ion  module during t h i s  c r i t i c a l  l anding  maneuver. The 
landing  w i l l  most probably take  place du r ing  t h e  per iod  of e a r t h  sh ine ;  
t h a t  i s ,  wi th  t h e  sun behind the  moon, and wi th in  a 10" band of t h e  lunar 
equator .  
requi red  s c i e n t i f i c  experiments - probably a per iod  of s e v e r a l  hours.  
The launch countdown w i l l  then begin and a rendezvous maneuver w i l l  be 
performed us ing  the  propuls ion system on t h e  lunar excursion module. 
The crew and c e r t a i n  equipment w i l l  be t r a n s f e r r e d  t o  the  command and 
s e r v i c e  module and t h e  luna r  excursion module w i l l  aga in  be separa ted .  
An i n j e c t i o n  maneuver w i l l  then be performed and t h e  veh ic l e  w i l l  be 
placed i n t o  t h e  t r a n s e a r t h  t r a j e c t o r y .  This  t r a j e c t o r y  w i l l  be shaped 
s o  t h a t  it w i l l  g ive a free r e t u r n  t o  t h e  r equ i r ed  landing  po in t  on t h e  
e a r t h .  
using the  spacec ra f t  propuls ion system. The s e r v i c e  module w i l l  be 
separa ted  from the  command module j u s t  p r i o r  t o  r e e n t r y  i n t o  t h e  e a r t h ' s  
atmosphere, a t  approximately 36,000 f e e t  per second. The command module 
has a l i f t i n g  c a p a b i l i t y  which i s  c o n t r o l l e d  by r o l l i n g  t h e  l i f t  v e c t o r .  
Range v a r i a t i o n s  of s e v e r a l  thousand mi les  a r e  poss ib l e ,  and t h i s  con t ro l  
c a p a b i l i t y  w i l l  be u t i l i z e d  t o  land t h e  v e h i c l e  a t  t h e  requi red  p o s i t i o n  
on t h e  e a r t h .  It i s  most l i k e l y  t h a t  more than  one planned landing  a rea  
w i l l  be arranged t o  provide f l e x i b i l i t y  s o  t h a t  missions can be launched 
on most days of t h e  month. 
contingency a r e a s  w i l l  be s e t  up s imi l a r  t o  those  i n  Mercury and Gemini, 
and p resen t  p lans  i n d i c a t e  t h a t  a high-frequency d i r ec t ion - f ind ing  
l o c a t i o n  technique w i l l  be used f o r  t hese  a r e a s .  

Two members of 

sepsrzted frm t h e  csmaId-seY-:.izc mcd.;lc zo;r;l-,instlon. %e two -;ehizles 

S u f f i c i e n t  t i m e  w i l l  be allowed on the  moon t o  perform t h e  

Modif icat ions t o  t h i s  t r a j e c t o r y  w i l l  be made a s  requi red  by 

I n  add i t ion  t o  t h e  planned recovery a r e a s ,  

POSSIBLE FUTURE PRKFUMS 

Two poss ib l e  f u t u r e  manned programs which a r e  being inves t iga t ed  
by t h e  Nat ional  Aeronautics and Space Adminis t ra t ion a r e  i n t e r e s t i n g  
t o  examine from the  ope ra t iona l  point  of view. The o r b i t i n g  e a r t h  
l abora to ry  which remains a l o f t  for many months or even yea r s  provides 
an  i n t e r e s t i n g  ope ra t iona l  l o g i s t i c s  problem. Vehicles  must be launched 
a t  r e g u l a r  i n t e r v a l s  t o  r ep lace  consumables, t o  r o t a t e  t he  crews, and t o  
change experiments i f  necessary.  I n  a d d i t i o n ,  a continuous escape capa- 
b i l i t y  must be provided t h e  crew i n  order  t h a t  t hey  may r e e n t e r  s a f e l y  
t o  t h e  e a r t h  should d i f f i c u l t i e s  a r i s e  on the  space s t a t i o n .  Another 
i n t e r e s t i n g  program i s  r e l a t e d  t o  i n t e r p l a n e t a r y  f l i g h t s .  
problem i n  these  programs w i l l  probably be t h e  des ign  of the  spacec ra f t  

The major 
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i t s e l f  s ince  missions of many months du ra t ion  a r e  probable and no 
l o g i s t i c  operat ion for resupply  i s  poss ib l e .  

CONCLUSIONS 

I n  t h i s  paper ,  t h e  opera t ions  which were necessary  t o  support  t h e  
Also,  p lans  which a r e  be ing  f o r -  Mercury program have been d iscussed .  

mulated f o r  t he  Gemini and Apollo missions have been examined. Although 
it was not poss ib l e  t o  desc r ibe  these  p lans  i n  d e t a i l ,  it i s  hoped t h a t  
some i n s i g h t  i n t o  t h e  opera t ions  p lans  and procedures r equ i r ed  for 
manned space f l i g h t  has  been provided. 



TABT;E I. - OPEFiATIONS P W I N G  

Mission planning 
P r e f l i g h t  planning 
F l i g h t  opera t ions  planning 
Recovery planning 

Ground support  planning 
Vehicle checkout f a c i l i t i e s  
Network f a c i l i t i e s  
Ground support  equipment 

Training 
F1 i g h t  crew 
Ground support  personnel 

Mission p repa ra t ion  
Scheduling 
Documentation 
Operations coordinat ion 
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